. It is characterized by the onset of diabetes before the age of 6 months, being a permanent condition that does not goes into remission. This form of diabetes can be caused by variants of several genes, including KCNJ11, ABCC8, GCK, and IPF1 gene (2) . Approximately half of the cases are caused by a mutation in KCNJ11, which encodes the Kir6.2 subunit of the pancreatic ATP-sensitive potassium channels (K ATP ) (3); the majority of these patients develop isolated PNDM, but 20% have associated neurologic disturbances like DEND syndrome, characterized by developmental delay, epilepsy, and neonatal diabetes (3) .
K ATP channel is a key regulator of beta-cell insulin secretion. In the pancreatic beta cell, the intracellular increase of ATP, due to glucose metabolism, leads to K ATP channels closure, which causes membrane depolarization and opening of voltage-gated Ca 2+ channels; this Ca 2+ influx can trigger insulin release (4).
Activating KCNJ11 mutations are associated with diabetes: these mutations cause an inappropriate activation of K ATP channel channels, which fail to close in response to an increase in plasma glucose levels, leading to insulin secretion dysfunction (5, 6) . The identification of Kir6.2 (KCNJ11) mutations has critical therapeutic implications, since sulfonylureas, a class of oral anti-diabetic agents, act through that channels (7). Sulfonylureas are able to promote K ATP channels closure by an ATP-independent route, thereby stimulating insulin secretion in those patients (8) . Thus, sulfonylureas may represent a suitable therapy for patients with KCNJ11 mutations, instead of insulin therapy.
CASE REPORT
A caucasian male, son of non-consanguineous healthy parents, was born by a dystocic parturition (forceps) at 36 weeks of gestation. Prenatal history was remarkable for intrauterine growth restriction. The birth weight was 1800 g (< 3
rd centile), length 44 cm (10 th centi-
Arch Endocrinol Metab. 2015;59/6 le) and head circumference 33 cm (50 th centile). At 3 months old he was diagnosed with a febrile acute otitis media and was medicated with amoxicillin. During this acute process he became dehydrated and was admitted to hospital. Laboratory workup revealed persistent hyperglycemia and the diagnosis of diabetes was made.
At diabetes onset, laboratory study showed negative anti-insulin and anti-GAD autoantibodies. He was started with an intensive insulin treatment (> 0.5 unit/ kg/day) in a basal-bolus insulin regimen but he always had a poor glycemic control (HbA1c 8-12.5%). During his childhood, there was no developmental delay, learning difficulties or history of epilepsy. At 20 years old it was carried out a genetic study for KCNJ11 gene. Sequencing of the entire coding region identified a heterozygous KCNJ11:c1001G>7 (p.Gly334Val) in exon 1 of the KCNJ11 gene, a novel variant, confirming the diagnose of PNDM. He was thereby admitted in our department to attempt for insulin switch to sulfonylurea, according to a standardized protocol (9) . Prior to treatment transition, the patient was taking 40 units of glargin insulin at breakfeast time, and 4 units of fastacting insulin (insulin aspart) four times daily, before meals, adjusted according to capillary glucose levels. His body mass index (BMI) was 24.3 kg/m 2 (weight: 74 kg, height: 1.75 m). Glibenclamide was started at a dose of 0.1 mg/kg/day (7.5 mg twice daily), with daily increments of 0.2 mg/kg/day, reaching 1.6 mg/kg/ day (60 mg bid). Insulin glargine was gradually tapered and suspended after 5 days. During glibenclamide treatment, glucose levels were always rapidly interchangeable between hypoglycemia and hyperglycemia (> 200 mg/dL). This metabolic instability has made impossible to discharge aspartic insulin. C-peptide levels increased from 0.08 ng/mL to 1.03 ng/mL (normal range: 1.1-4.4) after starting glibenclamide. However, given the suboptimal glycemic control and according to patient's preference, it was decided to suspend the sulfonylurea treatment and restart an intensive insulin scheme.
DISCUSSION
Permanent forms of diabetes presented before 6 months raise the clinical suspicion of PNDM. The identification of the genetic etiology in this form of diabetes has important clinical implications, since sulfonylureas may be an effective and alternative treatment, instead of insulin therapy (8, 10) . In the past, patients with neonatal diabetes were treated with insulin therapy as they were usually classified as having an early-onset form of type 1 diabetes. The identification of gain-of-function mutations in K ATP channel genes has raised the possibility of these patients being treated with an oral agent. Sulfonylureas may have double benefits in PNDM, comparing to insulin therapy: promotion of a global improvement in glycemic control, causing reduction in blood glucose fluctuations; and, consequently, risk reduction of diabetic complications and improvement of quality of life of the affected patients (11, 12) .
Although sulfonylureas seem highly effective and safe in the treatment of the majority of patients, not all respond. This case represents an unsuccessful example of transition from insulin therapy to sulfonylurea. Therefore it is important to reflect about the possible associated reasons, which may justify the unsuccessful switch. Firstly, the attempt to withdrawal insulin treatment began at an adult age and after a long period of poor glycemic control (HbA1c 8-12.5%). Age and poor metabolic control seem to be important predictors of sulfonylureas responsiveness, since an effective transfer is less likely in older patients, with worse glycemic control (13, 14) . In addition, starting sulfonylureas treatment at later age is associated with increased dose requirement. Although the roles of age and glucose homeostasis are not completely understood, some elegant studies in mouse models might further expand our knowledge: mice with uncontrolled diabetes had less functioning beta cells, comparing to those treated with insulin therapy, whose beta cells were preserved (15) . So, poor long-term glucose control, enhanced in older patients, may result in decline and impairment of beta cells function, which may further explain the lack of response to sulfonylureas.
Secondly, the functional properties of K ATP channel predict the clinical response to sulfonylurea therapy observed in these patients (8) . It was shown that tolbutamide treatment blocked more than 75 percent of the K ATP channel in patients carrying KCNJ11 mutations that had clinical response to sulfonylureas. In contrast, patients who failed to respond had less than 65 percent blockage with tolbutamide (8) . Thus, the channel changes induced by this specific novel variant of KCNJ11 gene, a mutation on c1001G>7 (p.Gly334Val), may also explain the observed reduction in drug sensitivity. However, it is important to notice the rise in C-peptide levels during glibenclamide administration, which may reflect a partial improvement in the insulin secretory capacity induced by the treatment. Thus, we might speculate that the changes on K ATP channel induced by this novel variant on KCNJ11 might not be irreversible and may respond to sulfonylureas, mainly if the attempt to switch from insulin can be achieved early in life and the patient has prior good glycemic control.
We report, for the first time, the heterozygous mutation KCNJ11:c1001G>7 (p.Gly334Val) in exon 1 of the KCNJ11 gene, in a patient with permanent neonatal diabetes mellitus. This case highlights the clinicians to consider a neonatal form of diabetes if diagnosis is made up within six months of life. The identification of this form of diabetes may be life-changing, mainly if sulfonylurea treatment could be well-succeed in early life.
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